The Puro Sangue Lusitano (PSL) is the major national breed of horse in Portugal, but no studies exist on its seminal characteristics, or on the possibility of conserving semen for future use. The aim of this study was to evaluate semen parameters, fertility and the aptness to semen preservation in Lusitano Stallions. In order to compare characteristics defined by a single or by multiple semen collections per stallion 152 ejaculates obtained from 152 Lusitano stallions presented at an annual breeding soundness examination as well as data related to 371 ejaculates obtained from 9 PSL were analyzed. These latter samples were also evaluated in terms of their possible use in assisted reproduction and were compared with 113 ejaculates obtained from 4 Sorraia horses, a rare and endangered Portuguese breed. The percentage of motile spermatozoa (PMS) was assessed after collection (AC), after semen dilution (AD) and at 24 h of cool-storage. Mean values obtained for sperm motility and morphology and semen pH observed after semen collection differ significantly (P < 0.05) between single collection/multiple stallions and multiple collections/limited stallions, and no age related effects were detected. Overall, Lusitano semen quality was comparable to that of related breeds, while Sorraia stallions had very poor semen quality. The response to cool-storage of diluted semen samples differed among stallions and breeds, and the best results for progressive motile sperm cells at 24 h were in a range of 35-53% for PSL * Corresponding author. 
a b s t r a c t
The Puro Sangue Lusitano (PSL) is the major national breed of horse in Portugal, but no studies exist on its seminal characteristics, or on the possibility of conserving semen for future use. The aim of this study was to evaluate semen parameters, fertility and the aptness to semen preservation in Lusitano Stallions. In order to compare characteristics defined by a single or by multiple semen collections per stallion 152 ejaculates obtained from 152 Lusitano stallions presented at an annual breeding soundness examination as well as data related to 371 ejaculates obtained from 9 PSL were analyzed. These latter samples were also evaluated in terms of their possible use in assisted reproduction and were compared with 113 ejaculates obtained from 4 Sorraia horses, a rare and endangered Portuguese breed. The percentage of motile spermatozoa (PMS) was assessed after collection (AC), after semen dilution (AD) and at 24 h of cool-storage. Mean values obtained for sperm motility and morphology and semen pH observed after semen collection differ significantly (P < 0.05) between single collection/multiple stallions and multiple collections/limited stallions, and no age related effects were detected. Overall, Lusitano semen quality was comparable to that of related breeds, while Sorraia stallions had very poor semen quality. The response to cool-storage of diluted semen samples differed among stallions and breeds, and the best results for progressive motile sperm cells at 24 h were in a range of 35-53% for PSL
Introduction
Although the equine species was probably the first to be subjected to artificial insemination (AI) (Allen, 2005 ) the use of modern assisted reproduction technologies in the horse industry has been slow by virtue of constraints imposed by some main horse breeding associations. Fortunately, this situation has changed, and the use of modern breeding techniques in the equine system has expanded worldwide.
In Portugal, an increased level of interest in AI has been registered in the past decade, with the goal to improve breeds and types of horses such as 'Português de Desporto' and 'Cruzado Português', both of which have the Lusitano breed (PSL) as an important contributor.
The Lusitano -a breed of horses native to the Iberian Peninsula and considered the oldest saddle horse in the world -is the product of thousands of years of selection, steeped in the tradition of its historical military links, bullfighting and the classical training methods of the "Haute École". The official institutionalization of the StudBook of the Lusitano Breed resulted in selection, by conditioning the admission of reproducers to the minimum morphological and functional requirements of the respective official breed standard. Male horses approved according to these criteria are subjected to semen collection and ejaculate examination. However, and despite these important efforts it should be noted that the standards used in semen evaluation derive from data obtained from other (diverse) breeds. In fact, the normal seminal traits in the PSL horse, against which new potential breeders should be compared, have yet to be well defined. This is extremely important, as significant breed-dependent variations have been reported, not only between light and draft horse breeds but also among Warmblood and Hotblood breeds (France, 1992) . These differences relate to semen characteristics, namely semen volume, sperm motility and sperm concentration Dowsett and Knott, 1996; Paccamonti et al., 1999) . The interval since a previous ejaculation(s), testicular size, and age can also be influential (Picket, 1993a,b) . Furthermore, the age of a stallion affects gel-free seminal volume, total seminal volume and pH per ejaculate but not gel volume, motility or sperm concentration . Accordingly, Dowsett and Knott (1996) recommended that both the age and breed of a stallion be taken into consideration when evaluating semen, considering both breed and age of stallion had significant effects on fertility .
Procedures for assessing suitable breeding potential have been developed and two types of evaluations are used: (1) analysis of a minimum of two ejaculates obtained 1 h apart; (2) analysis of two ejaculates collected 1 h apart, then single ejaculates collected daily for 6 or 7 days. The latter is considered more informative and would predict with reasonable accuracy the daily sperm output, and thus the number of mares that may be bred (Picket, 1993a,b) by natural mating or by AI.
Seminal collection with an artificial vagina allows the evaluation of seminal quality before AI and assists in early detection of infertility problems in the stallion (Brinsko and Varner, 1993) . Furthermore, the use of AI provides, besides hygienic and sanitary advantages, an efficient use of the stallion by virtue of the employment of semen extenders, which can improve the fertility rates of some subfertile stallions (Batellier et al., 2001) . Together with semen cooling, these techniques allow the extended use, storage and transport of specific stallion semen samples. This is important given that a horse's career may not be compatible with its use during the classical breeding season. However, the use of artificial reproduction technologies (ART) introduces yet another set of variables in horse breeding, as several breed-dependent characteristics have been reported Parlevliet and Colenbrander, 1999; Parlevliet et al., 1994; Aurich et al., 2003) .
Thus, it is not only relevant to properly ascertain stallion semen characteristics comparing a sample with a standard from the same breed, but also to determine its ability to be used in ART, again comparing data obtained specifically for this breed. To our knowledge both these things are lacking not only for the Lusitano but also for another native Portuguese horse breed, the Sorraia horse. This critically endangered breed, with an extremely reduced effective population (<200 animals from which around 80 are breeding mares; Luís et al., 2007) , share a common female founder with the Lusitano breed (Luís et al., 2006) . Inbreeding is common in Sorraia horses and its effect, especially in small populations, is commonly assumed to negatively affect fertility (Klemetsdal and Johnson, 1989) and/or semen quality (van Eldik et al., 2006) . This paper thus focuses on seminal traits, quality and aptness for preservation (semen cooling) of ejaculates from Lusitano and Sorraia stallions. With this work we intend to contribute towards the standard definition of seminal traits in these breeds in relation to data already available for other breeds, as well as their aptness to be used in modern artificial reproduction technologies.
Material and methods

Animals and study design
Data concerning to analysis of semen obtained from PSL male horses were used in this report and explored in two different strategies. Thus, we analyzed ejaculates collected since 1993 at the Animal Reproduction Laboratory (Agricultural School of Coimbra, Portugal), from stallions that were subject to breeding soundness examination (a single collection per stallion/multiple stallions) during the nonbreeding season (October-November) and from stallions, with or without a history of normal fertility but approved to reproduction by the Stud Book (multiple collections per stallion/limited number of stallions). The animals were located at the Agricultural School, Polytechnic Institute of Coimbra (Coimbra, Portugal-40 • 12 54.3 N and 00 • 41 E) and were kept in boxes on straw, with water freely available, and fed hay and food three times a day.
The ejaculates were obtained using a Hannover or INRA model artificial vagina (France, 1992 ) with each stallion mounted on an oestrus mare (single collection/multiple stallions) or a phantom (Hannover model, Multiple collections) with a teaser mare standing in the collection room. Number of mounts leading to ejaculation was annotated for data from multiple collections/limited stallions. Throughout the same time period we also performed semen collections from four Sorraia horses and those data were used for comparison with Lusitano stallions.
Immediately after dismount the raw ejaculates were brought to the laboratory and filtered through sterile gauze to remove the gel and any large particles of debris. The gel-free semen was immediately assessed for colour, smell and general appearance (aspect) and maintained at 35 • C in a water-bath during seminal evaluation and handling. Semen volume and pH were also registered.
Seminal characteristics from Lusitano stallions defined by one single collection per stallion.
Seminal characteristics from Lusitano stallions defined by one single collection per stallion
Semen data were analyzed retrospectively from semen evaluation records (n = 152) of 152 stallions (ranged in age between 3 and 12 years old) during the last 14 non-breeding seasons. Once a previous analysis (ANOVA) failed to show differences related to stallions age we organize data considering not only the results obtained by Amann et al. (1979) , Thompson et al. (1979) and Squires et al. (1979) but also stallion utilization frequency, as suggested by Picket (1993a,b) . Thus, five aged sub-groups were constituted considering younger (group 1-3 and 4 years old, n = 25), mature (group 2-5 years old, n = 44; group 3-6 years old, n = 27; group 4-7 and 8 years old, n = 21) and old stallions (group 5->9 years old, n = 26).
Seminal characteristics defined by multiple semen collections per stallion; semen application and preservation
Data were analyzed retrospectively from semen evaluation records (n = 484) obtained during the breeding seasons (February-July) and distributed as follow: 9 Lusitano stallions (4-to 21-year-old), n = 371 ejaculates (PSL 1, n = 46; PSL 2, n = 36; PSL 3, n = 84; PSL 4, n = 11; PSL 5, n = 48; PSL 6, n = 17; PSL Please cite this article in press as: Gamboa, S., et al., Seminal traits, suitability for semen preservation and fertility in the native Portuguese horse breeds Puro Sangue Lusitano and Sorraia. . . , Anim. Reprod. Sci. (2008) S. Gamboa et al. / Animal Reproduction Science xxx (2008) xxx-xxx 7, n = 29; PSL 8, n = 36; PSL 9, n = 64) and 4 Sorraia stallions (4-13-year-old), n = 113 ejaculates (Sorraia 1, n = 8; Sorraia 2, n = 28; Sorraia 3, n = 64; Sorraia 4, n = 13). Semen was diluted in a milk-extender (liquid ultra heat treatment -UHT -half-skim milk) and standard doses (10 ml; 20 × 10 6 PMS/ml) of diluted semen were fractionated in each of three 10 ml centrifuge tubes that were then packed into 50 ml tubes and stored under anaerobic conditions in a refrigerator for 24 h at 4 • C. Following this incubation time sperm motility was examined.
Semen doses for immediate AI were also prepared as describe before (Gamboa and Ramalho-Santos, 2005 ) and a total of 197 mares had been inseminated within 1/2-1 h after semen collection with 300 × 10 6 PMS suspended in 15 ml of the milk-extender.
Ovaries of the mares used in AI were scanned (Aloka SSD-500 V, Probe 5 MHz transducer-ALOKA CO., Ltd., Japan) from the onset of oestrus every 48 h. When a 35-mm follicle was observed, females were artificially inseminated every other day until ovulation.
For pregnancy diagnosis and twining inspection ultrasonographic images of the conceptus between 13 and 16 days after last AI were taken. Due to embryonic loss in early pregnancy this examination was repeated at day 45.
To calculate the fertility rates (fertility per cycle [FC] , fertility at the end of the breeding season [FBS] ) and after foaling (RF) we used the estimations and rules commonly employed in French National Studies (France, 1992) and previously described (Gamboa and Ramalho-Santos, 2005) .
Semen evaluation
Sperm motility was assessed using a phase contrast microscope (Laborlux, Leica; equipped with a heating stage) at the time of collection and the percentage of total progressive motile spermatozoa (PMS) was estimated visually by the observation of 5-10 microscopy fields in each of two drops (5.5 l each drop) of raw semen. Filtered semen was diluted 20× (semen with few sperm cells) or 40× (semen with more spermatozoa) in formal saline solution to assess sperm concentration using a photocolourimeter ( = 546 nm; Colorimeter 254, Ciba-Corning). An aliquot of sperm was mixed with eosin-nigrosin on a slide for vitality evaluations (Bloom, 1950) as well as with India ink for sperm morphology analysis (Foote, 2003) . Two hundred cells were assessed for each slide using bright-field microscopy (Laborlux, Leica) in 20-50 microscopy fields.
Statistical analysis
The statistical analysis was performed using the SPSS version 14.0 software (SPSS, Inc., Chicago, IL, USA). All the samples data were checked for normal distribution and homogeneity of variances to decide between parametric or non-parametric tests. Once the assumptions behind the standard one-way multivariate analyzes of variance (MANOVA) were shown not to be invalid for homogeneity of variances, we used this parametric procedure designed to test for the significance, at a 95% level, of the differences between the multiple age sub-groups (single collections/multiple stallions). The Spearman's correlation coefficient was used as an association measurement between seminal traits. Differences were considered statistically significant when P ≤ 0.05 (Maroco, 2007) .
For the data set related to multiple collections/limited stallions a multivariate analyzes of variance (MANOVA) was used to analyze effects of stallion, breed and number of mounts on seminal traits. In the case of rejection of H 0 (mean values of seminal traits were equal among stallions and among number of mounts to ejaculation) the Kruskal-Wallis test followed by a multiple comparison of the orders means by the Fisher's LSD test (Maroco, 2007) was applied to compare stallions and number of mounts while the Wilcoxon-Mann-Whitney test was applied to compare breeds. The coefficient of variation (%) was used to express variation of sperm parameters among stallions. Interaction of stallion and number of mounts until ejaculation on seminal traits was analyzed using general linear model (GLM). To test the influence of number of mares bred per stallion, number of mounts until ejaculation and sperm characteristics on fertility an analysis of covariance was used. To compare sperm motility after collection (PMS AC), after dilution (PMS AD) and after 24 h of conservation (PMS 24 h) the Friedman's non-parametric test followed by a multiple comparison of the orders means, as described in Maroco (2007) , was used. Differences were considered statistically significant when P ≤ 0.05 (Maroco, 2007 Gamboa et al. / Animal Reproduction Science xxx (2008) xxx-xxx 5
Results
Seminal characteristics from Lusitano stallions defined by one single collection per stallion
From a total of 158 stallions selected for seminal assessment at the breeding soundness evaluation, 152 were effectively collected while the remaining 6 were not able to jump the mare. All semen samples were obtained in the Fall, and no significant differences were found when considering the different age subgroups (data not shown). The determination of the central tendency, dispersion, kurtosis and skewness measures for seminal traits are shown in Table 1 .
In general, asymmetric, leptokurtic distributions (g2 > 0, i.e., a sharp distribution) were observed for sperm concentration (g1 > 0, i.e., positively skewed), vitality (g1 < 0, i.e., negatively skewed) and normal sperm morphology (g1 < 0); semen volume (g1 > 0), pH (g1 > 0) and sperm motility (g1 < 0) presented asymmetric and mesocurtic distributions (g2 ≈ 0, i.e., without flattening). Mean values (±S.D.) for stallion semen characteristics were determined (Table 1) . Between the three main structural regions considered in the evaluation of sperm morphology, the midpiece region presented more alterations (12.57 ± 9.91%) followed by the head (8.25 ± 7.54%) and by the tail (4.39 ± 5.34%). Checking the spread of data around the mean we observed that semen volume and sperm concentration varied more widely.
Association measurements determined by Spearman's correlation coefficient showed a negative and strong relationship between seminal volume and sperm concentration (P < 0.05). We checked also for correlations between the other sperm parameters and found that sperm motility did yield slight but significant (P < 0.001) positive correlation coefficients with sperm vitality (r = 0.39) and with normal morphology (r = 0.38).
Seminal characteristics defined by multiple semen collections from Lusitano and Sorraia stallions
When considering the use of stallion semen for preservation and ART multiple samples are collected from selected breeding males. Interestingly when comparing this approach (371 ejaculates from 9 Lusitano stallions) to the previous one (152 ejaculates from 152 stallions), although seminal parameters showed similar overall values at first glance (Table 1) , there were significant differences for progressive motile sperm after collection (PMS AC), morphologically normal sperm and pH (P < 0.05). On the other hand, all seminal parameters for the Sorraia breed (multiple collections/stallion) differed significantly (P < 0.05) from PSL whatever the collection strategy applied to the former breed. Furthermore the quality of Sorraia semen was noticeably poorer, in terms of sperm motility, vitality and morphology (Table 1 ). In this case there were many sperm head defects, related with the dimensions of the sperm heads (both very small and very large sperm heads, data not shown).
When considering multiple collections/stallion for both breeds an average of 1.49 ± 0.72 mounts led to ejaculation in the Lusitano stallions and 1.48 ± 0.75 in Sorraia stallions, suggesting that there are no particular difficulties in obtaining samples from these animals. For PSL stallions, in 371 valid cases we obtained 62.5% of the ejaculates at first mount (232/371), 27.5% at the second (102/371), equal to what was recorded for Sorraia horses [63.7% of the ejaculates at first mount (72/113), 28.3% at the second (32/113)].
There was a significant (P < 0.05) inter-stallion variation (expressed as coefficient of variation) found in PSL and Sorraia stallions superior to the level of intra-stallion variation observed in all sperm parameters (Table 2) . On the other hand, seminal parameters were affected by the individual stallion factor (P < 0.05), while the number of mounts affected qualitative and quantitative seminal characteristics in a minor way (Table 2) .
Ejaculates from PSL did not differ significantly with increasing number of mounts but a distinction was noted for Sorraia horses (data not shown). Ejaculates obtained with the first mount showed smaller volumes when compared with ejaculates collected after the second and third mounts in both native Portuguese breeds. However in PSL ejaculates no correlation was found between the number of mounts to ejaculation and semen volume (data not shown). In contrast, for Sorraia stallions this volume increment was concomitant with a decrease in sperm concentration (r = 0.40, P < 0.001) not observed in PSL (data not shown).
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Table 2
Intra-and inter-stallion variation, according with each breed, of sperm composition expressed as coefficient of variation and interaction of stallion and number of mounts until ejaculation on sperm characteristics analyzed using linear models (GLM) during the breeding season (9 PSL stallions and 4 Sorraia stallions)
Coefficient of variation (%)
Goodness-of- 
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Preservation and application of Lusitano and Sorraia semen
A total of 323 ejaculates were processed for AI (PSL, n = 268; Sorraia, n = 55) and 198 of them (PSL, n = 184; Sorraia, n = 14) were also subjected to liquid storage at 4 • C in a milk-extender (half-fat commercial superheated UHT milk). After semen dilution, sperm motility in PSL increased (mean value 10.06%, P < 0.05) and was significantly reduced after 24 h at 4 • C. A similar effect was detected for Sorraia (P < 0.05). The response to cool-storage of diluted semen samples also differed among stallions (P < 0.05, data not shown). Importantly significant differences were found between PSL and Sorraia for the length of sperm survival measured as PMS after storage at 4 • C, with the Sorraia breed showing poorer preservation ability (P < 0.05). These differences were especially clear in terms of sperm motility (31.52 ± 16.50% for PSL; 11.79 ± 7.23% for Sorraia).
Strong and significant correlations were found in PSL breed between sperm motility after collection and sperm motility after dilution (r = 0.89, P < 0.001), similarly to what happened in Sorraia horses (r = 0.80, P < 0.001). Conversely, in Lusitano stallions, PMS 24 h was not correlated with PMS AC, while in Sorraia stallions a strong and significant correlations was found (r = 0.55, P < 0.001). Sperm motility after collection and sperm motility after dilution in Lusitano stallions also correlated with sperm vitality (r = 0.62, P < 0.001 and r = 0.59, P < 0.001, respectively), negatively with abnormal sperm heads (r = −0.43, P < 0.001 and r = −0.50, P < 0.001, respectively) and with abnormal sperm tails (r = −0.28, P < 0.001 and r = −0.19, P < 0.05, respectively) contrary to Sorraia horses, where these correlations were not evident (data not shown). Sperm vitality also correlated negatively with abnormal sperm heads (r = −0.39, P < 0.001) and with abnormal sperm tails (r = −0.37, P < 0.001). Correlations between sperm motility after 24 h of conservation at 4 • C and motility after dilution (r = 0.21, P < 0.001) and between semen pH (r = −0.18, P < 0.05) as well sperm vitality between abnormal sperm mied-piece (r = −0.15, P < 0.05) were lower but significant in PSL.
Fertility rates
A total of 197 mares were booked for the 2 breeds as follow: 178 mares for PSL stallions (9.15 ± 4.70 in average), and 19 for Sorraia horses (3.20 ± 2.52). The mean values for per cycle fertility rates (FC) and for fertility at the end of the breeding season (FBS) in PSL stallions were:
Please cite this article in press as: Gamboa, S., et al., Seminal traits, suitability for semen preservation and fertility in the native Portuguese horse breeds Puro Sangue Lusitano and Sorraia. . . , Anim. Reprod. Sci. (2008) S. Gamboa et al. / Animal Reproduction Science xxx (2008) (Parlevliet et al., 1994) FC = 69.73 ± 20.39% and FBS = 85.68 ± 17.10%. These rates were significantly (P < 0.001) different from Sorraias (FC = 20.52 ± 15.29% and FBS = 34.07 ± 23.40%) but in both Portuguese breeds the stallion factor has a significant influence in fertility rates (P < 0.001). In general, stallion behaviour at semen collection, PMS AC and semen pH affected fertility in both breeds. In Sorraia horses, semen volume and sperm concentration showed statistically significant influence on per cycle fertility (Table 3) .
Discussion
As part of the procedure to select Lusitano stallions for breeding, male horses are subjected to a single semen collection and the respective ejaculates examined for sperm quality. The minimum age required is 3 years old (the end of puberty) but older stallions can also be evaluated. Little is known about the seminal characteristics of Lusitano stallions and the aptitude of sperm cells to support the low temperatures used in semen technology.
In the equine species, the age at puberty ranges from 56 to 97 weeks, averaged at 83 weeks (Naden et al., 1990 ) and the maximum reproductive capacity, i.e., sexual maturity, is achieved 2-4 years later, since testicular size and daily sperm production increase for several years after puberty (Johnson et al., 1991) .
We have retrospectively analyzed 152 ejaculates from 152 Lusitano stallions, ranging in age from 3 to 12 years old. Samples were obtained since 1993 from a single laboratory and the methods of semen collection and semen analysis were constant over the study period. There was no age effect for the seminal trait means analysed, contrary to what was obtained by Johnson et al. (1991) , but similar to the results reported by Squires et al. (1979) . Despite the lack of a clear age effect, data analyses fit a significant positive relationship between sperm motility and sperm vitality as well as between sperm motility and morphology as described by others (Voss et al., 1982) .
Please cite this article in press as: Gamboa S. Gamboa et al. / Animal Reproduction Science xxx (2008) xxx-xxx When considering data concerning the seminal parameters of a variety of horse breeds (Table 4 ) our results show that Lusitano semen characteristics place them at the high end of the spectrum (high concentration, motility and vitality), whilst Sorraia stallions show very poor sperm motility and vitality.
The mean values obtained for seminal traits for Lusitano stallions are similar to those obtained by Chapa (1992) in the Spanish purebred (Pura Raza Española), which is not surprising considering that these two breeds only differ by the recent selection criteria used in both countries (Oom, 1992) . Indeed, one of the mitochondrial DNA haplogroups studied in the Lusitano breed, which represents half of the Lusitano maternal lines, is characteristic of horses from the Iberian Peninsula and Northern Africa (Royo et al., 2005; Luís et al., 2006) .
From the data obtained we can infer that a single ejaculate is not enough to properly evaluate semen quality especially if it will rely on sperm motility and morphology . Indeed, when the nine Lusitano males were thoroughly studied, the effect of stallion on seminal traits was significant for all seminal parameters. Similarly to what was reported by Sieme et al. (2004) we also found a degree of intra-stallion variation in sperm characteristics lower than the degree of interstallion variation in the two Portuguese breeds. The stallion factor also clearly influenced the variations found in sperm parameters for Sorraia horses. However, the proportion of total variability attributable to stallion factor, as well as the coefficient of determination, was lower in our results when compared with Sieme et al. (2004) .
The data also shows that the number of mounts does not markedly affect seminal parameters or the longevity of sperm survival, and that per cycle FC were not affected by unsuccessful semen attempts.
Sperm motility mean values obtained in both approaches for PSL stallions were close to 50%, a value required to approve a stallion in a seminal evaluation. However, the relationship between motility and fertility is far from clear (Rodriguez-Martinez, 2003) and, in this study, the PSL stallion with poorest sperm motility was highly fertile.
The main morphological alterations in Lusitano sperm were at the mid-piece region. In contrast, in the Sorraia horses the main morphological alteration was observed at the sperm head region, related with abnormal sperm head size. Conflicting correlations have been reported between sperm morphology and the fertility of fresh stallion semen (see Malmgren, 1992 for a review). Bielański and Kaczmarski (1979) postulated that >10% of sperm primary morphological alterations were always suggestive of lowered fertility while >30% of secondary abnormalities where not necessarily associated to fertility. The majority of sperm tail abnormalities found in Lusitano stallions falls in this latter category contrasting with Sorraia horses where, in addition, fertility rates are very poor. Indeed, this native Portuguese breed is considered by FAO (1998) as being in critical maintenance risk status; it suffers from a severe founder effect and presents a reduced genetic diversity, despite their closeness with other Iberian breeds (Luís et al., 2007) .
Sperm cells membranes are sensible to cold-shock, a combination of factors that affect the integrity and functionality of the cell. In stallions this takes place between 19 and 8 • C (Moran et al., 1992) . Our data suggest that, during storage, variability between individuals still occurs. Therefore, some male horses seem to have sperm cells that withstand better the low conservation temperatures than others. In PSL semen samples, 59% of the variation found in sperm motility after dilution was explained by sperm motility after collection. Furthermore, sperm motility after dilution accounted for 9% of the variation found in sperm motility after 24 h of cool storage while sperm motility after collection only explained 3% of that variation.
Based on multifactorial analyzes of covariance the quantitative semen parameters gel free semen and sperm concentration did not influence fertility rates in any of the breeds. Among qualitative characteristics (sperm vitality and morphology) only in PSL stallions was a significant influence on fertility indicated by sperm vitality. Fertility rates seemed to be strongly influenced by progressive motile sperm after collection and semen pH in both breeds, in contrast with the report of Sieme et al. (2004) .
In conclusion, we can state that Lusitano stallions have seminal traits which are similar to those of related breeds, except Sorraia horses, and present seminal traits compatible with artificial insemination and semen technologies. However, it is essential to properly handle spermatozoa so that the inherent semen quality of the stallion is preserved. This is especially important for the Sorraia breed, as poor sperm quality is compounded by poor preservation ability, both characteristics probably due Please cite this article in press as: Gamboa S. Gamboa et al. / Animal Reproduction Science xxx (2008) xxx-xxx 11 to inbreeding in a limited population. Finally, while seminal evaluations are very useful to accurately define semen quality in a given stallion and for breeding management one or two ejaculates seem not to be enough to meet this goal.
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